Sixty-four randomized patients undergoing primary, isolated, scheduled, prosthetic aortic valve replacement were studied to determine the safety of coronary perfusion and mild hypothermia (31 patients) and of cold ischemic arrest (33 patients). Cardiac performance, metabolism, and isoenzyme release and the electrocardiogram were studied early postoperatively. No differences greater than expected by chance were found between the two groups; however, the difference between group means of several hemodynamic variables was significantly larger than experimental error. Combined abnormalities of creatine phosphokinase (CPK) and lactic dehydrogenase (LDH) heart-specific isoenzymes, indicative of myocardial necrosis, were found in 33 of 48 patients (68.7%) so studied. The incidence was similar in both study groups 
mortality are not clear, and there is disagreement as to what method is the best. We wished to study this matter and to determine the comparative safety of the two methods we had been employing clinically, coronary perfusion with mild hypothermia and a beating heart, and cold ischemic arrest.
Materials and Methods

Study Groups
Sixty-four patients undergoing primary, isolated, scheduled, prosthetic aortic valve replacement were studied in a five month period beginning 2 February 1973. Thirtyone patients (48.4%) were randomized to the coronary perfusion group and 33 (51.6%) to the cold ischemic arrest group. One patient died; he succumbed in the operating room of intractable ventricular fibrillation after being managed by coronary perfusion.
Technique of Randomization
Consecutive patients were randomized by pairs separately for each faculty surgeon using a random digit table.' At operation the surgeon decided to abort the randomization in the patient's best interests in six instances. In each case the surgeon's next patient was done by the method previously assigned to the excluded patient.
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For coronary perfusion both coronary arteries were cannulated and perfused at a temperature of 320 C soon after the aorta was crossclamped (in one patient, only the left was perfused). Mean flow to the left coronary artery was 158 ± 6.5 ml/min at a mean pressure in the coronary perfusion line of 111 2.7 mm Hg and to the right 109 + 7.1 ml/min at 109 ± 2.3 mm Hg. Occasionally coronary perfusion was interrupted briefly to improve exposure. Near the end of the perfusion the temperature of the perfusate was elevated to 390 to rewarm the patient. Spontaneous ventricular fibrillation, when it occurred, was promptly reversed by electroversion.
For cold ischemic arrest, bypass was initiated and maintained for about 4 min at a perfusate temperature of 25°C after which the temperature was lowered for about 2 min to 120. The aorta was then crossclamped and the perfusate temperature raised to 280 until near the end of the perfusion when it was elevated to 39°C for rewarming the patient.
A bubble oxygenator was used.* The pump oxygenator was primed with 500 ml ACD blood drawn the day prior to surgery, 7.5 ml heparin, 60 ml 1.4% NaHCO3, 1500 ml 5% dextrose in 0.45% saline, and 5 Only those variables which had a P t0. 1 remained in the model.
When departures from the normal distribution were encountered, data transformations, were selected to equalize as nearly as possible the variation within each group. All enzyme data were log transformed, and the reciprocal of (dp/dt) p-' was employed. ----4 dard deviation of repeated measurements at each study period to the over-all mean was calculated using a nested analysis of variance and expressing it as a coefficient of variation. Trends over the five month study were examined by regressing each variable against the order in which patients were treated, and surgeon to surgeon differences by regressing against each surgeon. Each variable was also regressed against the interaction term, surgeon * group, to test for differences between group means which were significantly different from surgeon to surgeon.
The term "not significant" refers to the P ' 0.05 significance level.
Results Hemodynamics
The two group means at each study period for cardiac index, heart rate, stroke index, stroke work index, arterial mean pressure, systemic resistance, right and left atrial mean pressures, (dp/dt). p-', and coronary blood flow index were not significantly different at any period with two exceptions ( fig. 1 ). Heart rate at 31 hours was lower in the cold ischemic arrest group than in the coronary perfusion group (P < 0.04). Arterial mean pressure in the cold ischemic arrest group at 26 hours was higher than in the coronary perfusion group (P < 0.03). It is of interest that five of the six patients in whom afterload was reduced pharmacologically early postoperatively were in the cold ischemic arrest group. There were no significant differences between the two group means averaged over all study periods (table 1) . However, differences between the two group means significantly greater than experimental error were found. Cardiac output and heart rate were higher, and arterial mean pressure, systemic resistance, right atrial pressure and coronary blood flow index lower in the coronary perfusion than in the cold ischemic arrest group.
None of the variables studied for interrelations with cardiac index (see Methods) for the study population as a whole and for each study group separately was found to influence it except three. For the study population as a whole the intercept of cardiac index (roughly equivalent to the first postoperative measurement) was negatively correlated with cardiothoracic ratio (r = -0.336), and older patients had lower cardiac indices (intercept regression coefficient for age = -0.025 ± 0.0061, P < 0.001; slope regression coefficient for age = 1.00045 ± 0.000199, P < 0.05). When the two study groups were examined significant difference between these two group means was found for either isoenzyme, nor was a difference found significantly greater than experimental error. None of the variables studied for interrelations with the magnitude of CPK-MB (see Methods) for the study population as a whole nor for the cold ischemic arrest group was found to influence it. In the coronary perfusion group CPK-MB magnitude was higher when left ventricular wall thickness was greater (regression coefficient for LV wall thickness = 1.68 ± 0.752, P < 0.05).
A qualitative summary of the isoenzyme data in terms of evidence of myocardial necrosis revealed no significant difference between the two groups ( Table 3 Electrocardiographic Evidence of (7-10 Days Postoperatively) (-2 .83 mM L`1 hr-', P < 0.03); a lower myocardial temperature at aortic crossclamping time (-4.32°C, P < 0.0006); a higher temperature at the time of crossclamp release (4.550C, P < 0.0001); a shorter aortic crossclamping time (-7.04 min, P < 0.04); and a longer bypass time (9.27 min, P < 0.05). No significant interaction of a surgeon with the two groups was found.
Discussion
Methods
The randomization was done separately for each faculty surgeon since significant surgeon to surgeon The appearance of CPK-MB, with the techniques The hemodynamic state of patients in whom coronary perfusion was utilized has not been shown with confidence to be different from that of patients in whom cold ischemic arrest was employed. The occurrence of significant differences in 2 of 60 tests from study period to study period was no greater than expected by chance alone. However, differences between the groups with respect to cardiac index, heart rate, arterial mean pressure, systemic resistance, right atrial mean pressure, and coronary blood flow index, while not significant due to large patient to patient variability, were significantly larger than experimental error. Therefore the evidence from this study is insufficient to draw a conclusive inference that there is no difference in these variables between the two groups. Since stroke volume was practically identical in the two groups, the difference in cardiac index resulted from a difference in heart rate. The latter, and differences in arterial pressure and resistance, may result from differing extrinsic autoregulatory effects upon the circulation resulting from differing cardiac and whole body temperatures during cardiopulmonary bypass in the two patient populations.
We failed to demonstrate a relation between cardiac output early postoperatively and the myocardial temperatures or aortic crossclamp time in the cold ischemic arrest group. Since the mean aortic crossclamp time plus two standard deviations was 68 min, we know nothing from this study of the effects of longer periods of cold ischemia. Some of the variability in myocardial temperature around the mean of 22.4°C at aortic crosselamping and 24.6°at release may have resulted from variability in depth or location of the thermistor tip. We do not know the effect of lower or higher myocardial temperatures during cold ischemic arrest. The duration of direct coronary perfusion (about 10 min less than aortic crossclamp time) did not relate to the cardiac output early postoperatively, although the average flow to the left coronary artery did, either as a direct factor or as part of a mechanism which resulted in decreased coronary flow.
The lack of interrelation between cardiac output early postoperatively and isoenzyme changes indicating myocardial necrosis is noteworthy. The hemodynamic function of the rat heart under some circumstances has been shown to be unaltered in spite of enzyme release. 16 However, cardiac reserve may be limited by such events and by electrocardiographically demonstrable myocardial infarctions, and patients more seriously ill and with less cardiac reserve initially than most of the ones in this study might have been more affected by them.
Important findings in this study are that 13% of the patients developed electrocardiographic evidence of myocardial infarction early postoperatively, and another 13% of new ischemic changes; that 69% of the patients developed isoenzyme abnormalities indicative of myocardial necrosis; and that in this setting neither coronary perfusion nor cold ischemic arrest was superior to the other in minimizing these occurrences. Again, the lack of interrelation between isoenzyme changes and length of aortic crossclamping or myocardial temperature in the cold ischemic arrest group, duration of direct coronary artery perfusion in the other group, and duration of cardiopulmonary bypass in both groups, is noteworthy. We have no evidence that larger hearts in either group had a greater tendency to develop these changes, nor that aortic stenosis versus incompetence predisposed to them. However, thicker hearts in the coronary perfusion group did have higher CPK-MB. The incidence of these events in our patients is similar to that reported in patients undergoing coronary bypass grafting for ischemic heart disease. '7 This all suggests that factors common to both study groups and to patients undergoing coronary bypass grafting (and probably other procedures as well) are responsible for these serious developments. These may include exposure of the heart at the start of cardiopulmonary bypass to the perfusate from the pump oxygenator with its denatured protein,"8 microaggregates of platelets and fibrin,19, 20 and microemboli of air. The strength of these common factors may be so great as to mask in our study the additive effects of myocardial ischemia with its depletion of intracellular glycogen21' 22 and high energy phosphate reserves.23 24 Abnormal cardiac metabolism reflected by lactate concentration differences across the heart has been reported previously for both coronary perfusion and ischemic arrest intraoperatively.25 The finding in the coronary perfusion group that higher early postoperative excess lactate concentrations were associated with lower intraoperative perfusion to the left coronary artery was not unexpected, but we are not able to offer a clear explanation for the inverse relationship observed in this group between left coronary flow rate and left ventricular diameter.
The 27% reduction in aortic crossclamping time 
